It is shown in a large number of experiments that short ragweed extract, mixed-grass pollen extract, and pu.rified protein derivative (PPD) can produce very substantial tritiated thymidine uptake and lymphocyte blast transformation of peripheral blood leukocytes from normal individuals.
INTRODUCTION

Several laboratories
have reported lymphocyte transformation by pollen extracts or ragweed antigen E when leukocytes from pollen-sensitive individuals were employed (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) .
With few exceptions (6, 17) , control cultures of cells from nonsensitive subjects showed no lymphocyte transformation. Thus we were surprised to find pronounced transformation of lymphocytes from "normal" humans with pollen extracts (18) under the conditions of culture being used in our laboratory for other purposes (19) . The present report describes these findings and the conditions required.
It is also shown that PPD 3 will regularly produce transformation of lymphocytes from tuberculin-negative humans under similar conditions.
MATERIALS AND METHODS
Methods of lymphocyte culture. Although numerous modifications are described under Results, the usual procedure employed is as follows:
Venous blood is drawn into plastic syringes containing 150 U of phenol-free heparin and 2.5 ml of dextran (Pharmacia or Travenol ; average MW of 70,000 or 75,00, respectively) per 10 ml. After mixing, the syringes are maintained in an upright position at 37°C for 90 min. The leukocyte-rich supernatant is removed, the leukocytes are counted and the percentage of mononuclear cells noted. The cells are washed once in Eagle's MEM (Grand Island Biological Co., Grand Island, New York) and placed in a sterile plastic flask where additional components are added to provide 6.25 x lo5 leukocytes/ml of solution containing 20% autologous plasma, 219 pg of glutamine, and 75 pg of streptomycin in Eagle's MEM. Aliquots of 4.0 ml with 0.1 ml of added antigen, mitogen, or saline are cultured generally for 8 days at 37°C in tightly sealed upright plastic tubes (Falcon).
Two or four hours prior to harvesting, 1.5 pCi of methyltritiated thymidine is added to each tube. At the termination of culture the cells are washed twice with cold saline and suspended in 10% TCA. The resultant precipitate is washed in 5% TCA. After carefully aspirating off the supernatant, the precipitate then is dissolved in 0.5 ml of NCS solubilizer (Amersham/Searle) and transferred in toluene-based scintillation fluid to counting vials. Counts per minute (cpm) are measured in the cold in a Packard Tri-Carb scintillation counter. Cultures were run in triplicate, and in some instances the results also were assessed microscopically by the method of Bach and Hirschhorn (20) by counting 500 cells in a "blind" manner. Antigens and nzitogens. Pollens were purchased from Greer Laboratories, Lenoir, North Carolina, or Hollister-Stier Laboratories, Spokane, Washington. They were defatted with diethyl ether in a Soxhlet apparatus, and 10% (w/v) extracts were prepared as for clinicial use (21) except that no phenol or glycerin was included in the pH 8.0 PBS extracting fluid. The extracts were lyophilized for storage. After reconstitution they were passed through 0.45-pm Millipore filters and frozen in aliquots at -20°C.
Protein nitrogen content was determined by phosphotungstic acid precipitation (modified from Cooke (22) ) . Mixed-grass extract was prepared with equal amounts of timothy (Phleunz pratense) and orchard grass (Datcylis glowzerute) pollen. The PPD antigen generally used was a lyophilized preparation donated by Parke-Davis ; it was dialyzed against PBS for 24 hr to eliminate possible traces of cresol. Also used was preservative-free PPD prepared by TCA precipitation by the Connaught Laboratories, Willowdale, Ontario, Canada. PHA-P was purchased from Difco Laboratories, Detroit, Michigan.
Experinzental subjects. Blood donors were healthy young adult volunteers ; all gave informed consent to participate. A brief history was taken with regard to symptoms of allergic disease, history of tuberculosis or past skin test reactivity to PPD, and general health. Prick and intracutaneous tests with relevant pollen extracts were performed usually after the first bleeding. The same procedure was used with respect to Mantoux testing with intermediate strength ( mean SIs and changes in counts per minute than did SRWE (P < 0.05 and < 0.01, respectively, by Student's t test). The lowest SI with an optimal amount of MGE was 32.8 and the lowest change in counts per minute was 7014 in 14 experiments.
RESULTS
Description of Findings
Considering the large number of publications in which tuberculin-negative individuals failed to give lymphocyte transformation with PPD, our results in this group were especially surprising ( Table 2 ). In these 67 experiments, the SI was under 10 in eight cases, and under 3 in only three instances ; the change in counts per minute was less than 1000 in 14 of the 67 experiments. Although these results demonstrated unequivocal lymphocyte stimulation under the conditions employed, the mean SIs and changes in counts per minute shown in Table 2 indicate significantly less marked stimulation than with SRWE (P < 0.05 and P < 0.01, respectively).
This was confirmed by finding higher SIs and changes in counts per minute with SRWE than with PPD in 24 of 27 experiments where both materials were used.
Conditions Required
Time. Figure 1 shows [3H]TdR uptake by "normal" lymphoctyes cultured with SRWE, MGE, or PPD for various time periods. The data have been normalized to reflect the percentage of change in counts per minute response compared to the 8-day results observed .in that particular experiment. The SRWE and MGE results were similar (data combined in Fig. 1 ) and showed a maxi-ma1 response at 8 days, while [3H]TdR uptake with PPD peaks at 6 to 8 days. As would be expected, PHA stimulation was greater at 3 days than at later time periods.
Stimulating agents. In three experiments the lymphocyte-transforming capacity of pollen extracts prepared in our laboratory was compared with that of extracts obtained from three commercial sources. The latter materials all were dialyzed to remove preservatives.
Ragweed and grass pollen extracts from all sources proved to be active in stimulating
[3H] TdR uptake by lymphocyte cultures of normal individuals.
In six additional experiments the activities of our pollen extracts were compared with and without 24-hr dialysis against saline. Both SRWE and MGE showed only slight or equivocal loss of capacity to induce [3H]TdR uptake after dialysis. In another experiment SRWE was dialyzed for 4 hr against water and the dialysate lyophilized; after reconstitution it had only minimal capacity to induce [3H]TdR uptake. The possible effect of sterilizing by membrane filtration also was evaluated by comparing the activity of extracts routinely passed through 0.45-pm Millipore filters with extract sterilized by centrifugation at 48,200g for 30 min at 4°C ; no differences were noted.
Extending the observations with ragweed pollen, extracts were prepared in a similar manner from chopped up leaves, stems, seeds, and roots of short ragweed (Ambrosia elatior) plants collected during late August and briefly washed to remove most adherent pollen grains. These plant extracts did produce a significant transformation of NPBL (P < .OOl compared to controls), though optimal concentrations were less active than pollen extract in the same experiments (Fig. 2) . Most of the experiments employing PPD (Table 2) used Parke-Davis material, but essentially identical results were obtained in experiments where it was compared with TCA-precipitated, excipient, and preservative-free PPD obtained from Connaught Laboratories. In view of the unexpected ubiquity of NPBL-transforming capacity among the aforementioned agents, observations were extended to include more homogeneous substances. Throughout a wide range of concentrations, porcine insulin, bovine serum albumin, bovine y-globulin, and crystalline egg albumin failed to stimulate NPBL
[3H] TdR uptake under the conditions being employed. Cell source: observations on foreign students. Prior to the ragweed season, blood for lymphocyte cultures was obtained from seven nonatopic foreign students who had newly arrived from areas of the Orient, Near East, and South America free of clinically significant amounts of ragweed pollen. With an optimal concentration of SRWE (5-15 g of protein N), the mean SI was 140 (range, 9-388) and the mean change in counts per minute was 24,883 (range, 422--107,509). BY analysis of variance these values exceeded the controls by a significant degree (P < 0.005). These results are comparable with those obtained with native subjects (Table 2) . Cultures of umbi1ica.l cord blood leukocytes. As shown in Table 3 , SRWE produced a significant uptake of [3H]TdR by leukocytes obtained from heparinized human cord blood (P < 0.001 by analysis of variance), though there was less pronounced lymphocyte stimulation than with cells of adult donors (cf. Table 2) . Similar results were obtained with an extract of palm pollen (Phoenix dactyliferu), which is not indigenous to this area.
Method of lynzphocyte culture. Omission of dextran routinely used to sediment the RBC did not influence the results obtained with SRWE or PPD. Likewise cells from defibrinated blood or specimens anticoagulated with EDTA also yielded similar results provided the cells were washed free of EDTA before culture. Brief osmotic lysis of the RBC remaining in the leukocyte suspension also did not influence the results.
The procedure used for washing the NPBL before culture did significantly influence the results. In 17 experiments employing SRWE or PPD, three washings with Eagle's MEM (buffered with Hanks' solution without plasma or serum) resulted in a mean decrease of 78% in change in counts per minute as compared with unwashed or once washed NPBL. The variability of triplicate cultures also increased with repeated washings.
Somewhat in contrast, the change in counts per minute of PHA-stimulated cells decreased only about one-third as much after three washings. Further experiments employing three washes of MEM containing 5% autologous plasma or FCS showed less loss of reactivity, but [3H]TdR uptake still was much less than when the cells were washed only once.
In nine experiments utilizing NPBL cultured with SRWE, tightly stoppered tubes incubated in room air were compared with loosely capped tubes in a 570
COz incubator; the change in counts per minute averaged 66% less in the COz atmosphere. In four similar comparisons, PPD cultures showed a 370/o mean decrease in change in counts per minute. In contrast, in seven of the same experiments suboptimal amounts of PHA produced a 433% greater mean increase in change in counts per minute when NPBL were cultured 8 days in 57, CO2 instead of in tightly stoppered tubes. At the end of 8 days, the MEM medium in tightly stoppered tubes cultured with SRWE had a pH averaging 7.78, while after a similar period in the 5% CO2 incubator the pH averaged 7.02. In view of this, it is not surprising that a relatively greater [ 3H] TdR uptake was noted with SRWE or PPD cultures in the COz chamber when MEM with HEPES buffer was used.
The uptake. Of major potential importance was the observation that substitution of human serum for plasma in the culture medium resulted in a markedly diminished response of NPBL to pollen extract or PPD. The data in Table 4 , based on comparisons in the same experiments, show geometric mean changes in counts per minute for SRWE and PPD in plasma which differ significantly from the geometric mean changes in counts per minute in serum (P < 0.01 and P < 0.01, respectively, by Student's t test of log-transformed data) ; likewise the geometric mean SIs for SRWE and PPD are significantly greater in plasma than in serum (P < 0.01 and P < 0.01, respectively). In contrast, the geometric mean changes in counts per Consequently the ratio of change in counts per minute in serum/change in counts per minute in plasma is significantly higher in PHA-stimulated cultures than in cultures incubated with pollen extract (P < 0.01) or PPD (P < 0.01) ( Table 4 , column 7). However, the geometric mean SI following PHA was significantly greater in plasma than in serum (P < 0.02) partly due to lower control values in plasma (see below). In 12 experiments employing tuberculin-or ragweed-sensitive subjects, [3H]TdR uptake with PPD or SRWE in plasma generally was substantially greater than in serum, though PPD produced about equal (and very high) uptake in both plasma and serum in one subject with very pronounced PPD skin test reactivity.
Role of heparin. To determine whether the heparin in plasma might account for the increased reactivity to pollen extracts or PPD by NPBL, [3H]TdR uptake by cultures in autologous serum and autologous plasma was compared with simultaneous cultures in which heparin was added to serum. Experiments with pollen extracts (Fig. 3) again showed markedly higher changes in counts per minute and SIs when AP rather than AS was included in the culture medium, but the change in counts per minute in AS + heparin also significantly exceeded the change in counts per minute in AS alone (P < 0.01 by Student's t test of the log-transformed data). Likewise, the SIs of AS + heparin were significantly higher than those of AS alone (P < 0.01). Thus, heparin significantly increased the [3H]TdR uptake of NPBL cultures with pollen extracts in AS, but the resulting degree of leukocyte stimulation was significantly less than in AP. It may be noted in Fig. 3 that the addition of heparin to AS had more of an effect on the SI than on the change in counts per minute. This resulted from the fact that heparin regularly decreased the control counts per minute values, thus increasing the SIs. This may be related to the long-known antimitotic properties of heparin (23) , but this effect was overcome by the addition of the pollen extracts or other mitogenic substances.
It also should be noted that the values in Fig. 3 are probably underestimates of the effect of heparin in that an optimal quantity of the anticoagulant was not ascertained in each experiment. When different amounts of heparin were added to AS, the optimal quantity varied in different experiments but generally was in the range of 25-37 U/ml of AS. This was closely similar to the 26 U of heparin/ml of plasma used in the usual cultures employing AP. Similar results were obtained with three different lots of heparin from one commercial source (Riker) and also with heparin from another source (Connaught Laboratories). Sodium and ammonium heparins (Scientific Products No. B2950) gave similar results, and AP prepared with dialyzed heparin still supported marked [3H] TdR uptake with SRWE and PPD. In contrast, in eight experiments PHA-stimulated cultures showed no significant increase in change in counts per minute or SIs when heparin was added to cultures in AS (Fig. 3) .
To delineate further the role of heparin, experiments were carried out in which the cultured WBC were exposed either simultaneously or sequentially to heparin and SRWE. Table 5 shows one such experiment in which, after a 30-min incubation with the indicated agents, the cells were washed once and cultured for 8 days in the same or an altered combination of heparin, SRWE, and serum, Of special note is the failure of the cultures to show stimulation when heparin was not included in the culture medium at the same time as was SRWE (line 7, Table 5 ). In additional experiments (not shown) of similar design, it was found that cells cultured for 30 min with SRWE, heparin, and serum or with SRWE and AP showed significant [3H] TdR uptake at 8 days when the medium was changed at 30 min to contain just serum and SRWE. This indicates that, although heparin must be present simultaneously with SRWE, its effect is relatively rapid and irreversible: It need not be continuously present with SRWE throughout a prolonged period of culture. However, preincubating heparin with SRWE or PPD prior to adding them to the cultures did not enhance cell stimulation.
In view of the reported activity of sodium warfarin, as well as heparin, in influencing cutaneous delayed hypersensitivity reactions (24) , this drug was added to culture medium containing autologous serum in concentrations ranging from 2 to 200 pg/ml, but there was no enhancement of [3H]TdR uptake by NPBL cultured with pollen extracts. Anticoagulants which bind calcium cannot be substituted for heparin in these cultures.
Requirement for continued presence of SRWE in cultures. In 12 experiments NPBL cultures containing SRWE were centrifuged after varying periods of time, and the cells were resuspended in fresh medium without additional SRWE. Removing SRWE in this manner after periods of 2, 6, 24, or 72 hr generally resulted in marked reduction in [3H]TdR uptake, but replacement with fresh medium without SRWE at 6 days increased [3H]TdR uptake.
Lymphocytes recovered jrovn Ficoll-Hypaque gradients. In seven comparative experiments, NPBL (>95% lymphocytes) recovered from Ficoll-Hypaque gradients (25) showed comparable or greater changes in counts per minute in culture in AP with SRWE or PPD than in simultaneous cultures of unfractionated leukocytes containing the same number of lymphocytes; SIs of the separated cells tended to be lower due to higher control counts. Surprisingly, however, the FicollHypaque-separated lymphocytes did not show significantly diminished stimulation in AS as compared with AP: In nine experiments employing SRWE the change in counts per minute in AS was 85% of that in AP and the SI was 148% of the AP value, and in six experiments using PPD the respective values were 127 and 189%. This differs sharply from the results shown in Table 4 by NPBL. These results differ from many reports in which cells from sensitized individuals, but not normal subjects, were stimulated by pollen (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) .
However, minor degrees of NPBL transformation have been noted by others (6, 17) , and Buckley et al. (26) recently have reported preliminary data showing marked responsiveness to ragweed antigen E by the lymphocytes of normal subjects after 8 or more days in culture under conditions rather different from those used in our studies. Parker et ~2. (27) found in testing extracts of 90 types of seeds from 38 botanical families that significant lymphocyte transformation was induced by five members of the Leguminosae as well as four species from other families : Datura discolor (Solanaceae), T&is californica ( Compositae) , Eplzedra nevudensis (Ephedraceae) , and Mammea safra (Clusiaceae) . Hashem and Kabarity (28) also found five types of legumes to produce lymphocyte transformation, while members of the soya bean and pea families had minimal effects; Wisteria floribunda seeds also are mitogenic (29) .
House dust extracts were reported by Romagnani et al. (30) to produce lymphocyte transformation in seven of nine nonatopic controls as well as in 9 of 10 persons sensitive to this material. Likewise
May and Albert0 (31) found that lymphocyte transformation produced by extracts of milk proteins and of wheat occurred commonly with the cells of both nonatopic and atopic children, its frequency and extent not differing significantly between the two groups ; unwashed leukocytes were used in these experiments. Eisen et al. (32) found small but significant [3H]TdR uptake by NPBL cultured with BSA, BGG, Candida, histoplasmin, TNP-BSA, DNP-BSA, and fluorescein-BGG.
Autoradiographs confirmed that the [3H]TdR uptake was by lymphocytes, and endotoxin was excluded as the source of the responses. There also are a few reports of human NPBL stimulation by sheep red blood cells, extracts of human ocular tissue, heterologous sera, BCG, or KLH (32) . The large number of studies employing PPD usually have shown a lack of lymphocyte transformation by cells of skin test-negative donors, but a minority of reports describe human NPBL transformation in some cases (33) (34) (35) (36) (37) . In part, this could be due simply to fewer responsive lymphocytes being required to give measurable in vitro lymphocyte transformation than to give a positive skin test in viva (38) . Nilsson (36) found almost all PPD negative persons showed substantial lymphocyte transformation in 6-day cultures with large amounts of PPD, while only cells from PPD-positive individuals transformed with smaller amounts of PPD or at shorter time intervals ; this suggested the presence of cells with low affinity receptors in the PPD negative group. These observations are in accord with the reported binding of PPD by a small percentage of NPBL of humans MATHEWS, PAN AND WEISBERG (39) and unimmunized guinea pigs (40) . All normal adults are reported to have circulating antibodies which bind mycobacteria antigens (41), it being suggested that these may reflect infection by saprophytic and/or avirulent mycobacteria. Immune complexes formed by these antibodies with antigens added to lymphcyte cultures could result in transformation of NPBL (42, 43) . Lack of substantial transformation of cord blood lymphocytes by PPD (Table 3) would be in agreement with this possibility. An alternative explanation arises from Sultzer and Nilsson's evidence (44) that PPD is a B-cell mitogen in many species.
A considerable effort was made to delineate a single factor which could explain the unexpected results of our lymphocyte cultures with pollen extracts and PPD, but it would appear that a combination of several culture conditions had led to the reported findings. Factors of importance are restriction in the washing of the cells, the culture 'Mzediuwz, and prolonged (8-day) cell culture time. In these respects, optimal conditions for pollen extracts and PPD in NPBL cultures are quite different from those which are optimal for PHA. When unfractionated leukocytes are used, the use of human plasma in the culture medium is of particular importance ; human serum supports much less normal leukocyte stimulation by pollen extracts or PPD, and the results in FCS are completely negative. Heparin in plasma appears to account for part, but not all, of the plasma activity. The presence of free DNA in normal human serum, but not in plasma (45)) also does not account for these differences, since adding up to 10 pg of DNA/ml of plasma at the beginning of culture did not inhibit NPBL transformation by pollen extract (experiments not shown). In contrast, NPBL separated on Ficoll-Hypaque gradients respond well to pollen extracts and PPD in serum as well as in plasma. The reason for this difference is unknown, though it might be related to the reported membrane-stablizing effect of Ficoll (46) .
The prominent influence of washing the cells, the greater variability among replicate cultures, the requirement for prolonged exposure to pollen extract, and the long culture period suggest that weaker forces may bind the stimulant to the responding cell membrane in these pollen extract and PPD experiments with NPBL than is the case with PHA or other commonly employed mitogens. Nevertheless, the ultimate response in many instances is more pronounced than is usually observed in the response of sensitized lymphocytes to specific antigens. The possibility that the observed results are in fact due to acquired cellular immunity to ubiquitous antigens in nature requires consideration in spite of obtaining stimulaton with SRWE of NPBL from newly arrived foreign students from parts of the world free of ragweed pollen. This could be explained by the sharing of crossreacting antigens among pollens or other parts of plants growing throughout the world ; indeed, sharing of cross-reacting allergens between ragweed and other members of the large Compositae family has been suspected for a long time. On the other hand, the response of umbilical cord leukocytes to pollen extracts is cogent evidence against the hypothesis of a universal, acquired immune response to ubiquitous antigens (47) . Wh 1 i e neonatal lymphocytes have been reported to respond to some antigens (48)) it seems unlikely that this would occur with a variety of pollen antigens. The possibility that the transformation of both adult and cord blood lymphocytes represents a primary in vitro immunologic response to pollen antigens is difficult to exclude (49) and is suggested by the long period of culture required. However, it generally is very difficult to achieve primary immune response in vitro, and the conditions employed are much different from those required to give primary responses in other systems (50) . A major alternative possibility is that mitogens in pollen extracts produce the observed lymphocyte transformation. If so, it is puzzling that all of the five disparate types of pollen extract tested (two not shown) produced substantial responses. This implies either that there are numerous unrecognized mitogens in nature, that there are a restricted number of mitogens common to a variety of pollens, or that the observed activity is due to contaminating substance(s). The latter possibility merits serious consideration in view of the extraneous substances in these crude pollen extracts. Accordingly, viruses, trace metals, and LPS were excluded as the major source of the lymphocyte-transforming activity by appropriate experiments to be reported elsewhere ; likewise, pollen arabinogalactans or active enzymes do not appear to be involved. An additional possibility, which has not been excluded, is that cells could be triggered to transform and/or divide by suitably charged macromolecular stimulants for which there are no specific receptors on the cell membrane. This possibility is supported by the enhancing effect of heparin, a polyanion which has been reported to adhere reversibly to cell membranes (Sl), and the rapidly growing list of known mitogens (52) (53) (54) to include substances unlikely to have specific membrane receptors (e.g., detergents) (55) . Still another possibility is the generation of "secondary mitogens" in culture through interaction between consituents of pollen extracts or PPD with plasma components. Resolution of some of these questions may be achieved from ongoing work employing pollen extract fractions and cell purifications.
